A review of 9401 consecutive live births at the Mercy Maternity Hospital, Melbourne, was performed to determine the incidence of air leak in those with respiratory distress syndrome. Respiratory distress was detected in 552 (5.9%) infants and hyaline membrane disease was the most common cause occurring in 238 (2.5%) infants. Air leak developed in 22% of infants with respiratory distress, 8% had pulmonary interstitial emphysema alone, 14% had pneumomediastinum or pneumothorax and 7% had emphysema with pneumomediastinum or pneumothorax. Mortality increased from 12% in infants without air leak to 31% (p < 0.001) in infants with air leak. Ninety-five per cent of air leak developed in infants with hyaline membrane, and these were smaller, less mature and sicker than those without air leak. Eighty-seven per cent of air leak developed in infants treated with assisted ventilation and was commoner with mechanical ventilators with a more rapid rise in inspiratory pressure.
live births at the Mercy Maternity Hospital, Melbourne, between July 1, 1978 and June 30, 1980. Each infant was assessed for the presence of respiratory distress syndrome (RDS), the cause of RDS and the presence of air leak. Respiratory distress syndrome was diagnosed if the respiratory rate was greater than 60 per minute, on two occasions, at least an hour apart. All infants, in whom the RDS did not settle within four hours, had a chest X-ray. Chest X-ray was repeated routinely three times a week until the respiratory distress had resolved and at other times as directed by clinical indications. X-rays were reviewed by an independent radiologist without reference to clinical status. Hyaline membrane disease was diagnosed radiologically by the presence of:
(1) bilateral, diffuse, fine reticulogranular radiodensities; and (2) an air bronchogram. 4 Air leak consisted of PIE, PM or PT. Criteria for the diagnosis of PIE was that reported by Swischuk. 5 All infants with RDS had blood collected for microscopy and culture for bacteria. Penicillin was administered if the cause for the RDS was HMD; aminoglycosides were added to the regimen in cases where infection was thought to be either the aetiological factor or a contributing one.
Data from infants with air leak was compared with that from those without air leak. Because air leak occurred almost exclusively in infants with HMD and in those treated with assisted ventilation, these groups were analysed separately. Three types of ventilators were used. These were: Loosco Amsterdam (G. L. Loosco and Co. -timecycled constant-flow generator); Bennett PR2 (Bennett Respiratory Products Inc. -timecycled constant-pressure generator) and Bourns BP200 (Bourns Inc. -time-cycled constantflow generator). The wave form produced by each ventilator under standardised conditions of rate, inspiratory pressure and positive endexpiratory pressure was determined using a pressure transducer and a cathode ray oscilloscope. No selection criteria were used for deciding which type of ventilator was used in each infant. Infants were allocated to whichever ventilator was available at the time of need. There were no changes in treatment policies, such as indication for use of muscle relaxation, technique of endotracheal tube suctioning and intravenous regimen within the unit during the study period.
Statistical methods used to evaluate the data were Student's t-test, Chi-squared with Fisher's Exact Probability test where appropriate, and Kolmogorov-Smirknoff test. The null hypothesis was rejected if p < 0.05.
RESULTS
Five hundred and fifty-two infants (5.9070) developed respiratory distress. Hyaline membrane disease was diagnosed in 238 infants (overall incidence 2.5% and 43.1 % of infants with RDS). Other causes of respiratory distress included transient tachypnoea of the newborn, pneumonia, aspiration pneumonitis and congenital abnormalities. Two hundred and twenty-two (40.2%) infants with RDS required assisted ventilation; HMD was the cause in 78.4% (1741222) of cases.
Air leak developed in 21.6% (119/552) of infants with RDS. Eight per cent (44/552) of infants developed PIE alone and 13.5% (75/552) developed PM or PT. Seven per cent (40/552) infants had combinations of PIE and PM or PT, and 6.3% (35/552) had PM or PT without evidence of PIE. Ninety-five per cent (113/119) of air leak occurred in infants with HMD and 87.4% (104/119) occurred in infants treated with assisted ventilation. PIE occurred only in infants with HMD and 96.4% of cases of PIE occurred in infants requiring assisted ventilation. PM or PT were also most commonly associated with HMD (92%) and assisted ventilation (84%). Table 1 summarises clinical details of infants with HMD. Infants who developed air leak required more resuscitation, were smaller and more premature, had lower blood haemoglobin levels, had more hypoxaemia and hypercapnia, required more assisted ventilation with higher F r 0 2 and higher mean peak and mean positive end expiratory pressures. Mortality was higher in those who developed air leak (31.0%) than those who did not (12.0%) (p < 0.001). The type of air leak varied with gestation and birthweight ( Table 2 ). Of the 113 infants with HMD who developed an air leak, eleven were breathing spontaneously and they did not differ from the 102 treated with assisted ventilation with regard to mode of delivery, resuscitation required, presence of patent ductus arteriosus and hypercapnia. They did, however, have less hypoxaemia (p < 0.001) and a lower mortality (0 vs 34.3%, p < 0.02). Table 3 compares the three types of ventilators used with respect to incidence of air leak and clinical condition of infants with HMD and air leak. There were no differences in the parameters used to assess the severity of the infant's condition suggesting that there was no selection of ventilator type for severity of the HMD. No statistical difference could be shown because of sample size but the trend was for the highest incidence of air leak to occur with the FIGURE I.-Pressure wave forms of three ventilators under standardised conditions. The one on the left is the Loosco Amsterdam, the middle one the Bourns BP200, and the one on the right the Bennett PR 2 0 All ventilators produced square wave forms with little difference in the plateau phase (Figure 1 ). The main difference between the three ventilators was in the inspiratory phase. The Loosco Amsterdam had a very rapid rate of pressure rise, the Bourns BP200 had a slightly less rapid rate of rise and the Bennett PR2 had a notch in the inspiratory pressure rise (Figure 1 ).
DISCUSSION
With the advent of neonatal intensive care and improved ventilator therapy, the survival rate for very low birth weight infants and those with severe HMD has improved. 6 At the same time PIE has become diagnosed more frequently and this has been attributed to the therapy used. 7 Burnard, however, believes that PIE has been under-diagnosed in the past, and has always been a part of the natural history of severe HMD.6 In the present study PIE was detected only in infants who had HMD and not in those who had other causes for their respiratory distress.
The pathogenesis of air leak is unclear. The initial event is rupture of alveoli occurring at the alveolar base, at its junction with the less expand able fluid-rich perivascular connective tissue. 7 ,8 Air then dissects along the perivascular plane l ,7,8,9 towards the mediastinum. If it reaches the hilum it will produce a pneumomediastinum and then may enter the pleural cavity, pericardial sac or peritoneal cavity.
The clinical course of air leak varies with gestation and birth weight. 7 In the present study, air leak was more common in premature infants and those with low birthweight. PIE occurred more commonly in premature infants, while PM and PT occurred in more mature infants. ThibeaulC suggested that this was due to obstruction to free dissection of air in premature infants, due to more extensive connective tissue and more interstitial and perivascular fluid. Alternatively, as part of the natural history of HMD, those with more severe disease would be expected to have more air leak. Severe HMD would also lead to increased interstitial and perivascular fluid and more vigorous therapy. These factors could account for the increased incidence of PIE in premature infants and those of low birthweight.
The place of assisted ventilation in the aetiology of air leak is unclear. Air leak can occur in the absence of assisted ventilation 6 ,7,9 but the incidence is much higher when infants with HMD are treated with mechanical ventilation. 6 ,7,9 In the present study 90070 of infants with HMD who developed air leak were ventilated, while only 10% were not. The question is whether the incidence of air leak is higher in infants treated with assisted ventilation because they have more severe HMD or whether it is due to the therapy. In the present study, 222 infants required assisted ventilation; 73070 of these had HMD and 27% had other conditions including meconium aspiration, wet lung syndrome, pneumonia, congenital abnormalities and recurrent apnoea. Air leak developed in 59% of those ventilated because of HMD, while in only 5% of those with other diagnoses. Six infants developed air leak without HMD; only two of these were treated with assisted ventilation. This supports the theory that HMD is the major aetiological factor in the production of air leak, in particular PIE. It is likely that assisted ventilation exacerbates the tendency for air leak inherent in infants with HMD.
Although many factors contribute to the development of air leak, the waveform pattern produced by a ventilator could be important. A rapid rise in inspiratory pressure, as seen in ventilators producing rigid square pressure waveforms, theoretically would increase the tendency for alveolar rupture. Under control conditions the Loosco Amsterdam had the most rapid rate of rise of inspiratory pressure and was associated with the highest incidence of air leak in the clinical setting. The lowest incidence of air leak occurred with the Bennett PR 2 and this had the least rapid rate of rise in inspiratory pressure and had a "notch" in its pressure rise. This notch could have relieved distending pressure on the alveoli momentarily and may be the reason for the lower incidence of air leak.
What is the importance of air leak? The appearance of PIE is often associated with a deterioration in clinical condition. 6 The development of PIE and subsequent PM/PT is associated with acidosis, hypoxaemia and hypercapnia, and necessitates increased ventilatory supporL lQ Hypoxaemia and hypercapnia lead to increased intracranial venous pressure I I which could account for the increased incidence of intraventricular haemorrhage reported in infants with air leak. 2 The increased ventilatory support required when PIE occurs predisposes to bronchopulmonary dysplasia.) Air leak is also associated with a significantly higher Anaesthesia and Inrensive Care, Vol. 12, No. I, February, 1984 mortality Y, 6, 7, 9 In the present study, if infants with HMD developed air leak, 31 % died compared with 12% who had no air leak.
In summary, air leak is a serious complication of RDS. It occurs almost exclusively in infants with HMD, especially those being ventilated. It adds significantly to the morbidity and mortality of these infants. While the precise aetiology remains unclear, it seems likely that PIE is due to the underlying HMD. Minimising hypoxaemia in premature infants by better perinatal care may help to decrease the severity of HMD and thus lessen air leak.
